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I. INTRODUCTION: MOVING LlGHT DISPLAYS
" T F asked what aspect of vision means the most to them, a Xwatchmaker may answer 'acuity,' a night flier, 'sensitivity,' and an artist, 'color.' But to the animals which invented the vertebrate eye, and hold the patents on most of the features of the human model, the visual registration of movement was of the greatest importance" [1, p. 342] .
Motion supplies the visual system with crucial information about our environment. Indeed, motion information alone is sufficient for perception: a sequence of binary images repre senting points from a moving object can produce a strong and true-to-life three-dimensional perception.
Early in 1978 I set out to study just this kind of motion image, which I labeled a moving light display (MLD). I felt that MLD perception represented a severe challenge to existing notions about machine perception of multiple frame images.
An MLD isolates and presents geometric evidence of motion divorced from such factors as texture, color, and lighting. The only source of information in an MLD is the position and ve locity of its points, and position does not provide sufficient data for MLD interpretation. Psychological experiments have shown that individual frames of an MLD cannot usually be recognized by human subjects [2] .
So little information appears to be present in an MLD that the question arises as to the nature of MLD perception: does the perception of MLD's require a large knowledge base to be used for hypothesis generation and model matching? Or, do MLD's possess a structure which is exploited by the visual sys tem as a shortcut to recognition?
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II. HUMAN PERFORMANCE
In looking for answers to these questions, it is instructive to consider just how good human beings are at interpreting MLD's. Johansson [3] , for example, has demonstrated that 12 moving lights can evoke the illusion of a walking man. His MLD's were created on videotape through the use of high intensity lights and adjustments of video contrast. Subjects performed a vari ety of tasks wearing glass bead reflectors on their major joints (shoulders, elbows, wrists, hips, knees, and ankles), and the re sulting MLD's of human body motion display considerable complexity. Less than 0.2 s were required for perfect recogni tion of an MLD as a moving man. Only 0.4 s were necessary for discrimination of different human movements, e.g., walk ing left, walking right, and walking backward.
The illusion of depth created by MLD's is very strong. When presented with a movie screen on which a small number of moving points are projected, a human observer will invariably try to place a three-dimensional interpretation on their move ments. This is true even when abundant evidence of two di mensionality is present, such as the edge of the screen and the sound of the projector.
Human understanding of MLD's involves more than simple object identification and recognition. A considerable amount of information can be recovered from MLD's. Cutting has re cently demonstrated the ability of subjects to recognize the sex of a walker [4] , and it is even possible to recognize the gait of a friend [5] .
III. THEORIES OF MLD INTERPRETATION
A number of theories have been developed to explain human perception of MLD's. I shall outline two of the most promi nent, one from the field of psychology and one from com puter science. A more complete critique of existing theories can be found in [6] .
A. Johansson: Spatio-Temporal Integration
Johansson and his colleagues Borjesson and von Hofstenhave attempted to explain the interpretation of MLD's in terms of a low-level "spatio-temporal differentiation and integration" [7] . The outer layers of the visual system, according to this theory, extract a hierarchy of coordinate systems that permit the interpretation of motion patterns according to a simple vector analysis.
In his 1976 paper, Johansson describes the theory as it ap plies to the interpretation of the hip-knee-ankle system of an MLD of a man walking parallel to the viewing plane. The hip is identified as moving in the coordinate system of the station-0162-8828/80/1100-0574S00.75 © 1980 IEEE ary background. The knee moves in the coordinate system of the hip and the ankle in the coordinate system of the knee. Each point's total motion is seen as the composition of a move ment relative to its particular coordinate system with the mo tion of that coordinate system relative to the next in the hierarchy.
Johansson suggests that the selection of a coordinate system for a point depends upon its two-dimensional velocity. The lowest velocity point is interpreted relative to the stationary background, and so on, down the hierarchy. Unfortunately, this criterion does not always work even in his simple example. At certain points of the walker's step, e.g., when his foot is in contact with the floor, the movement of the ankle is actually less than the movement of either the hip or knee.
Despite their difficulty in defining rules for the determina tion of a coordinate hierarchy, Johansson et al. have presented a large body of data to corroborate their claim that the human visual system is performing a kind of vector decomposition in the analysis of MLD's. Their theory has led to the correct pre diction of several MLD effects.
B. Ullman: The Structure from Motion Theorem
A radically different approach has recently been suggested by Ullman [8] . He has demonstrated that three distinct or thogonal projections of four noncoplanar points provide suffi cient information to reconstruct mathematically the threedimensional structure of the object defined by the points (subject to a possible reflection). Using this "structure from motion" theorem, Ullman has written a computer program capable of deriving the structure of multiple rigid objects in motion. He has also suggested an algorithm for the interpreta tion of MLD's of certain objects viewed by perspective trans formation. He divides an object into rigid groups of four non coplanar points, iteratively classifying overlapping groups of points in order to extract their relative three-dimensional loca tion. The accuracy of this algorithm depends on the distances between the points selected in each step of the analysis. They must be close enough to each other (relative to the viewing distance) so that to a first approximation they are viewed by orthogonal projection.
Neither of these theories of MLD perception provides a basis for the interpretation of complex images. Ullman [8] , for ex ample, cannot cope with the low degree of connectivity, the perspective distortion, or the nonrigidity of MLD's such as those of human motion created by Johansson [3] . Johansson, on the other hand, presents only a partial solution, leaving out important details such as the determination of connectivity and coordinate bases.
IV. LIGHTS
I began my own study of MLD's by gathering extensive sta tistics on the position and velocity of MLD points. I hoped initially to demonstrate a strong mathematical relationship between the underlying objects and the movement of their "lights," such as was shown to exist by Ullman for a restricted class of MLD's.
What I found was that strong relationships do exist between the movements of related points which are not dependent on a 575 particular viewing transform (as in Ullman) and cannot, there fore, be used directly for three-dimensional reconstruction. Instead, they derive from the fact that any perspective trans form, even allowing for certain types of systematic distortion, tends over a period of time to preserve relationships between the movements of connected components of an MLD.
Lights is a computer system written to explore the ways in which this and other kinds of information can be exploited for the purpose of MLD interpretation. In its present form, Lights is able to track and cluster points belonging to independently moving objects. Within a cluster, Lights analyzes the relative motions of object points. It then performs an intial segmenta tion of these points into groups representing independently moving subparts.
A. The Input to Lights
1) The Walking Man: MLD's of human beings walking along different paths on a plane were chosen to be the primary stim uli for Lights. The reason for this choice was the high degree of difficulty represented by such images. The distance of each "walking man" from the hypothetical viewer varied from about two to four times the man's height, creating an overall change in perspective distortion of 2 : 1 . Typically, each man was seen to take about five steps in 5 s. Frames were displayed for about 25 ms. The point of visual fixation remained constant (see Fig. 1 ).
These MLD's were created by a program (written in SAIL) based on a model of human walking movement developed by Cutting [9] . Cutting's algorithm for representing a sagittal view of a man walking in a straight line parallel to an observer was modified to include a three-dimensional model of walking motion. The path of movement could be defined either by a SAIL procedure, which would take the current distance "walked" and return a three-dimensional coordinate, or by a chain-coded path on a plane interactively specified on a screen (CRT) with a computer "mouse." The direction faced by the man was chosen to be tangent to the path at all times. MLD's were created using both orthogonal and perspective viewing transforms.
A walking man consisted of 13 points: a point each for the head, shoulders, hips, elbows, wrists, knees, and ankles. Taken alone, the motions of the shoulders and hips defined two ellipses having different major and minor axes. The arms and legs would then swing as double pendulums from the shoulders and hips and the entire body moved forward with each step. The speed of stride could be varied. As the speed increased, a forward lean and accentuated arm and leg swinging were added. Other stimulus parameters included hip and shoulder excursion, speed, size, and the relative proportions of the body.
Although referred to as a "walking man," the underlying model was that of a wire-frame figure. No attempt was made to occlude points on the basis of body part widths. Neverthe less, the net effect was a stimulus universally identified by human observers as a walking (albeit transparent) man.
2) Other Images: Although the walking man was the first moving scene studied, the input repertoire of the program has since been expanded to include a simulated walking dog, a moving toy truck with turning wheels, and a group of geometric figures such as cylinders, cubes, tetrahedrons, and less conven tional objects such as a tire-iron. The lack of occlusion allowed scenes containing two or more moving objects to be constructed as combinations of scenes with a single moving object.
B. Components of MLD Interpretation
The problem of MLD interpretation was decomposed into three components.
1) Correspondence:
As presented to a viewer, an MLD con tains no explicit data identifying points in one frame with points in another. This correspondence must be established before any further processing.
2) Object Separation: Just as there is no explicit correspon dence between points in successive frames, an MLD does not provide a ready-made solution to the problem of separating its points into groups which belong to different objects.
3) Determination of Subparts: Once the points of an MLD have been divided into groups which are believed to corre spond to distinct objects, it is necessary to break each object down into its component parts. This amounts to building a skeleton of the object by describing the connectivity relation ships between its points.
C Tracking
For each frame, the input to the interpretation program is an unlabeled set of coordinate pairs corresponding to the points of the MLD. The problem of tracking points from one frame to the next has been studied by others [10] , [8] . Often, though, tracking algorithms have been based on information (such as the cross correlation of small areas around prospective matches) derived from a greyscale image which served as the source for the MLD.
The MLD's under study here contain a small number of points and depict objects with parts in relative motion. The basic assumption is that the velocity of points in an MLD varies smoothly and can be used to estimate position from frame to frame.
1) The Tracking Algorithm: The tracking algorithm used by Lights selects, for each frame, the correspondence which mini mizes the sum of the differences between the expected posi tion of each point (based on its velocity averaged over the pre ceding two frames) and the actual position of the corresponding point in the next frame.
Let m denote the number of points in frame F and n the number of points in frame F + 1. Let P(F, i) represent the ith point in frame F for 1 <i<m, andP(F + 1,/) represent the ;th point in frame F + 1 for 1 < / < « . In addition, let Predict(F, i) be the function which takes the point P(F, i) in frame F and returns the predicted position of that point in frame F + 1 based on its average velocity, and let d It is important that the function C F (i) can be calculated efficiently. A naive approach would be to calculate all pos sible sums and choose the smallest, a feat requiring 0(m n ) operations.
Lights avoids this combinatorial explosion by applying a heu ristic algorithm which will calculate C F (i) in 0(Max(m,«) 2 log(«)) worst case time with a normal time of 0(Max(m log 2 («) 5 n log(w))). The idea for this algorithm came from the recogni tion of the fact that, in the images under study, the point se lected by the function C F (i) was normally the point closest to Predict (F, /). This followed from the sparseness of the MLD's and the fact that the motions of their points corresponded to the motion of physical objects.
For each point in frame F the point closest to its predicted location in frame F + 1 is calculated. This can be done in 0(Max(m log 2 (/i), n \og(n))) time using a Voronoi construc tion [11] . An array of n lists is then obtained with each list corresponding to a point F(F+ 1,/) in frame F + 1 and con taining the set of points in frame F for which P(F + 1,/) is the best choice. This array is then traversed and lists with more than one element are examined. For list L(j) the best choice of element F(F, /) is made such that the sum of the distance from Predict (F, /) to F(F+ 1,/) and the distance between all other points in L and their next best selection in F + 1 is at a minimum. All other points in the list are then distributed to the lists corresponding to their next best choice. For one pass of the array, this algorithm requires at least 0(n log(«)) and at most 0(mn log(«)) time. The speed with which this calcu lation can be performed is due to the fact that the intermediate data structures used for constructing the original «-point Vo-ronoi diagram can be reused to calculate the next best match. Finding the next best match is then OQ.og(n)) and a maximum of (m-l) + 2Xm additions are required to calculate the prospective sums. If there are no lists containing more than one element, the algorithm has finished and calculated the function C F (i). In the majority (>90 percent) of MLD frames studied, this condition occurs immediately and no iterations are required. Otherwise, the algorithm is iterated a fixed num ber of times or until success is achieved.
If the tracking algorithm succeeds, the optimal match has been found. Optimality results from the fact that the selec tion of a match from a conflict list is always made in such a way that, if no further conflicts were to arise, the sum of all distances would be minimized. Once found, the list of pointto-point correspondences is then recorded and passed on to the later stages of Lights.
Failure of the heuristic does not imply failure of subsequent stages of the interpretation process. All failures are recorded and an approximation to the best match is used in place of the optimal solution. Later stages of the system, however, treat the data from failure frames with caution.
2) Occlusion: The basic capabilities for dealing with occlu sion were included into the tracking portion of the Lights sys tem, even though no attempt was made to test the system with occluded MLD's. When, during the tracking process, a point appears for which there was no match in the previous frame or when the distance between an old point and its match is greater than three standard deviations from the mean, it is assumed that a new point has been added to the MLD. Points are as sumed to have been deleted from the MLD when a suitable match can no longer be found. No attempt is made by the tracker to identify a point which has disappeared in the past with a newly discovered point. This function is more properly performed by later stages of the interpretation process based on object topology and world knowledge.
3) Experience with the Tracking Algorithm: The Lights tracking algorithm was devised and used to handle MLD's of common objects which have a high degree of predictability in their motions. In practice, the algorithm has worked extremely well. For MLD's derived from analytic functions (e.g., a man walking in a circle or straight line) perfect tracking is the rule. When the stimulus is generated by a chain-coded path, discon tinuities in the path of motion violate the assumptions of the algorithm and can sometimes cause tracking errors detectable only by later program stages. In these cases the optimal match does not correspond to the "correct" match for such images. The heuristic employed by the tracking algorithm has proven quite effective. The algorithm has failed to find the optimal match in less than two percent of all frames examined.
Although the algorithm was designed for its utility in solving the practical problem of correspondence and not for its ability to mimic human perception, tracking errors often occur during frames which also cause difficulty for the human tracking sys tem. In one example, a roughly triangular path was drawn and its chain code used for the construction of an MLD of a walking man. The best hand rounding of the triangle's corners still left them too sharp to allow smooth human turning motions, but the resulting display was considered very acceptable. When 577 shown to a number of graduate students over the span of a few weeks, all reported seeing a "normal" man walking along a tri angular path with sharp turns.
When the tracking program was run using this MLD as input, it mismatched the right knee with the left ankle after the first turn in the triangle. When these points were viewed in isola tion, without the walking man to give them context, a number of people who had seen the previous display had the same im pression of a switchover. Alerted to this illusion and reshown the original MLD, all students saw the "ankle turn into the knee" even though that was inconsistent with their interpreta tions of the rest of the display.
This human tendency to ignore tracking errors unless they are explicitly pointed out suggested the strategy for handling such difficulties. When confronted with a possible conflict, the interpretation program simply suspends judgment on the identity of questionably matched points, waiting for a clear interpretation to present itself in later frames.
4) The Use of Velocity Information: For some MLD's, par ticularly those with a simple object, accurate tracking can be obtained without the use of a velocity estimate. This amounts to the assumption that no previous knowledge is necessary to map points from one frame to the next. It is normally the case, however, that information is known about the previous frames of an MLD. By using velocity information, more com plex MLD's can be accurately tracked, even when wire-frame objects are seen to move in front of each other. Error rates were calculated for the Lights tracking algorithm for three different MLD's of increasing complexity. Three different values of the tracking algorithm's "past history" parameter were used. With no past history taken into account (i.e., ve locity averaged over zero frames), the simplest of the MLD's was nearly perfectly tracked, but the two more complex MLD's produced a large number of errors. As velocity was averaged over first one, and then two frames, more accurate correspon dences were obtained. Velocity averaging can be particularly important as a technique for smoothing noisy or poorly digi tized images.
The use of velocity information for tracking brings up the question of choosing initial conditions. Lights assumes that the correspondence between points in the first two frames of an MLD can be made on the basis of no past history (velocity). If a good match cannot be made, each new frame is examined in turn until this condition can be met.
D. Object Separation
Separation of MLD points into groups belonging to different objects is the next stage of Lights' interpretation process. The underlying assumption is that independently moving objects can be differentiated on the basis of their projected movement and position. When this assumption is violated, as in the case of two dancers arm in arm or soldiers marching side by side, the claim is that an MLD provides insufficient data to separate the objects. Higher level knowledge must be employed.
This approach to MLD interpretation departs from commonly held opinions in the field of motion research. Ullman [8] has criticized the grouping of elements into bodies as a prelude to structural analysis. He bases his stand on the fact that a Ge-staltist grouping of points by "common fate" is frequently in adequate for the separation of complex MLD's. Potter's cri terion [12] , for example, groups two points whenever their velocity difference falls below a defined threshold. Ullman cites the example of an MLD depicting two rotating cylinders one on top of the other as a demonstration of the problems with this technique. In such displays each cylinder contains points spanning a range of velocities and both may contain points moving at exactly the same speed.
The fact that simple rules for grouping points do not work should not be taken as sufficient grounds for abandoning the idea of low-level object grouping. Ullman was quick to give up object clustering because absolute structure determination was possible for his images. This solution is not available for the less restricted domain represented by MLD's of walking men.
Potter's less than satisfactory algorithm is, nevertheless,based on a reasonable assumption about the nature of velocity data from projected motion. Points in an image which correspond to the same moving object will exhibit, over time, relationships which can be exploited to separate them from other points in a scene. The problem with Potter's algorithm is that it does not take into account the fact that position as well as velocity is a key factor in determining the segmentation of a moving scene. Moreover, time is an important tool in motion under standing. It provides redundancy of information which can overcome errors and inadequacies in motion data. By utilizing all the information available in an MLD-position, velocity, and the redundancy of data in successive frames-a way can be found around Ullman's objections in the techniques of graphtheoretic cluster analysis.
1) Clustering Points into Objects:
Single-linkage cluster anal ysis has been successfully used to handle a wide range of prob lems, such as separating two touching Gaussian distributions of points and determining gradient clustering [13] . It has been previously used in motion research to match segmented areas in successive frames of motion images [14] . This technique, based on the computation of the minimal spanning tree (MST), is used by Lights to distinguish independently moving objects.
Let every point in an MLD frame be represented by the fourvector (x,y,v X9 Vy) where x and y are its projected position and v x and v y its projected velocity (as determined by the tracking algorithm described in the previous section). A graph can be constructed which has each point as a node, with each node connected to all others by an edge of cost equal to their Euclidean distance. Information from previous frames is in cluded by adding to this edge cost a function of the cost of the same edge in past frames. A minimal spanning tree can then be built [15] and the resulting graph can be segmented into clusters based on an appropriate cut function.
It is interesting to see how this algorithm functions on the example proposed by Ullman. Fig. 2 shows the result of the algorithm on a frame of an MLD of two rotating cylinders viewed in orthogonal projection. Thirty points were placed on each cylinder in such a way that no boundary could be seen in a static view of the first frame. After seven frames, the MST for these points was calculated based on a cumulative distance function. While the projected velocity of points moving nearly parallel to the viewing plane did differ greatly from that of points moving nearly perpendicular to it, no sharp divisions occured within a cylinder because the speed of a point was close to that of its neighbors. On the border between the two cyl inders, their different rotational velocities (four degrees per frame for the upper cylinder and two degrees per frame for the lower) resulted in a discontinuity which was found by the clus ter analysis. When a perspective rather than an orthogonal projection is used, changes in scale caused by varying degrees of perspective distortion can detract from the usefulness of data collected in previous frames. Lights compensates for these changes and for the mismatch in the units measuring velocity and posi tion by scaling and translating each dimension of the fourdimensional feature space to have unit variance and zero mean. Single frame distances between features in this new space are combined with previous values to form a measure of the dis tance between points over a number of frames according to the function
where CD"(/,/) is the cumulative distance between points i and / in frame n and d(i,j) is the Euclidean distance between points i and j in frame n.
The criterion for separating clusters was conservatively chosen. Two clusters were assumed to be unrelated when the cost of the MST edge separating them was over 50 percent larger than the average cost of the edges near itstwoendpoints. A cluster was required to have at least two points. Fig. 3 shows the MST for two men, one walking in a circle, the other in a triangle, after 27 frames. Fig. 4 shows another MST, this one calculated for a scene in which a man is walking a dog. In both cases a cut between the two groups of points could be made in 25 frames or less (about one-half step). Both examples were complicated by the fact that the projected posi tions of the two groups were initially close and by the fact that, in both cases, the figures were made to walk "in step," rather than show completely unrelated movement patterns. Greater independence of movement would hasten the cluster ing process.
E. Intraobject Relationships
An object in motion can be thought of as defining a moving coordinate system. Object parts move relative to that system and, in turn, define their own frames of reference. These two facts play a prominent role in Johansson's vector analysis ap proach to motion perception precisely because they reflect not only the mechanics of motion, but also its normal perception by a human observer. Yet, particularly in the case of MLD's, this correspondence between object and percept seems singularly fortuitous. An infinite number of motions of points in space can produce a single MLD, and once a three-dimensional interpretation of structure is arrived at, it does not necessarily resolve such ques tions as "what parts of an object are connected?" and "how are unconnected parts related?"
In Lights, an estimate of the internal structure of an object is derived using the same information which was shown in the previous section to be useful for separating MLD points into groups belonging to distinctly moving objects. This estimate is again based on cluster analysis. Once a group of points has been identified as a separate object, an MST is constructed to determine the strongest relationships between object points.
One important difference in this phase of the analysis is that rotation is an important factor in suggesting an object's internal structure. It is common for connected points within a rotating object to display complementary rather than sympathetic mo tion. Lights compensates for the possible rotation of the ob ject by subtracting the motion of its centroid from the velocity of its individual points, and by modifying the straightforward Euclidean distance function used in the object separation stage to allow points with equal but opposite velocity to be consid ered "close" together. (Psychologists have suggested that the calculation of the MLD centroid may play an important part in human perception; see Borjesson and von Hofsten [16] .) As can be seen in Figs. 5 and 6, the resulting MST accurately reflects object composition even for an object as complicated as a moving toy truck.
The use of the minimal spanning tree to determine the in ternal structure of an object represents a conservative view that the role of such structural analysis is to suggest the best possible pairing of points rather than all "good" pairings. Of all relationships which may exist in the projected motion of object points, those selected by the MST are the most likely to reflect actual object composition.
One advantage of this approach is its robustness. The anal ysis of object structure is remarkably stable under conditions of systematic distortion or noise and does not rely on high resolution digitization of the underlying image. All images tested were viewed under a number of conditions including perspective and orthogonal transformation and random distor tion. Fig. 7 shows the MST skeletons for a walking dog during representative frames. Fig. 8 shows the MST skeletons calcu lated for the same image after the addition of random errors in the position of its points. The two MST skeletons were identi cal despite the fact that the calculated velocity of any given point for any given frame of the second image could vary by more than 100 percent from the original.
The division of an object into its related parts is still subject to uncertainty. In the case of the walking man, for example, pseudorelationships sometimes result from the similarity of motion of the arms and legs on opposite sides of the body. These are most likely to be present when the man is viewed from very far away and projected positions and velocities of points are small relative to the digitization of the image. Such graphs are useful, nonetheless, as a starting point for the next stages of the interpretation process-the recovery of threedimensional relationships and the matching of the stimulus to a known model.
1) Relation to Human Perception:
As in the case of the tracking algorithm, no attempt was made to tailor the system to the known performance characteristics of human beings. Instead, the goal of the research was to determine the limita tions of machine analysis of MLD's in the absence of domain specific knowledge. Nevertheless, some intriguing similarities between the performance of the system and human observers was informally observed.
One experiment, for example, was devised to see how a group of graduate students and faculty members interpreted ambiguous connectivity information in MLD's. A display was constructed similar to the walking man displays discussed earlier, but with the difference that the man remained rigid throughout his motion about a circular path. The result corre sponded roughly to a scene in which a mannequin is wheeled around in a circle or rotated on a lazy Susan. Not only was the display understood as a rigid group of points moving through space, it was recognized immediately as a man in a fixed posi tion. Other displays of rigid objects showed this same tendency to evoke a single perception of connectivity, despite the fact that all their points were equally "connected" in the sense that an imaginary rod could be extended between them.
Certainly in the case of the rigid man moving in a circle, part of the explanation must lie in the sophisticated pattern match ing abilities of the human mind. This may not, however, be the only reason. It may also be the case that the mechanisms used to interpret the structure of an object seen in an MLD are sensitive to certain relationships in the stimulus pattern, result ing in a tendency toward specific interpretations.
Whether or not this represents a credible theory of human vision, it is the case that the relationship calculation done by Lights on the points of an MLD (see previous section) can sug gest connectivity in the underlying objects. Fig. 9 shows the MST for three rigid objects-a man, a cube, and a tire-iron. There is a high degree of similarity between the connectivity preferred by most observers and the connections favored by the relationship function on which the MST was based.
V. CONCLUSION
Lights demonstrates that MLD's possess an internal structure which can be a significant aid in the process of interpretation. This information is available independent of the kind of ob jects being observed and derives from the fact that, over time, related three-dimensional motions will exhibit relationships in their two-dimensional projection. These relationships hold true for both orthogonal and perspective projection and in the face of systematic distortions, and appear to explain the extra ordinary robustness of MLD perception by human beings.
Lights has been used successfully on MLD's with one and two walking men, a man walking a dog, a moving toy truck, and on images with geometric objects in motion. Work is cur rently proceeding on the final phases of MLD interpretation: model-matching and description.
